Repeated cycles of ethanol intoxication and withdrawal associated with dependence induce neuroadaptations in a variety of brain systems. Withdrawal-induced negative emotional states can be ameliorated by ethanol consumption; a learned process termed negative reinforcement. Accordingly, a dependenceinduced phenotype is escalated ethanol self-administration. Matrix metalloproteinases (MMPs) are proteolytic enzymes which degrade the extracellular matrix to allow for synaptic reorganization and plasticity. To test the hypothesis that an intact MMP system is required for animals to learn about the negative reinforcing effects of ethanol and display escalated self-administration during acute withdrawal when ethanol-dependent, male Wistar rats were trained to self-administer ethanol and then assigned to either acute or chronic MMP inhibition treatment groups. The chronic treatment group received intracerebroventricular (ICV) infusions of the broad spectrum MMP inhibitor FN-439 or artificial cerebrospinal fluid (aCSF) via osmotic minipumps during a 1 month ethanol dependence induction period and subsequent post-dependence induction self-administration sessions that occurred during acute withdrawal. The acute treatment group only received ICV FN-439 or aCSF on the day of self-administration sessions following dependence induction during acute withdrawal. The results showed that inhibition of MMPs attenuated escalated ethanol self-administration following chronic and acute exposure conditions. Furthermore, once learning (i.e., plasticity) had occurred, MMP inhibition had no impact on escalated response patterns and animals previously subjected to MMP inhibition that did not escalate evidenced normal escalations in operant ethanol self-administration once FN-439 treatments were terminated. Thus, the present data identified that an intact MMP system is required for the escalated responding that occurs during acute withdrawal in dependent animals and implicate such escalation as a learned response.
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Introduction
Ethanol dependence produces profound neurochemical and morphological changes within the central nervous system that underlie altered motivational and affective behavior (e.g., Koob, 2009b) . Behaviors indicative of dependence-like phenotypes include excessive ethanol self-administration (O'Dell, Roberts, Smith, & Koob, 2004; Rimondini, Sommer, & Heilig, 2003; Walker & Koob, 2007) , and the development of anxiety- (Valdez et al., 2002) and depressive-like (Walker et al., 2010) states. The removal of these negative states via ethanol consumption is reinforcing (termed negative reinforcement; Koob, 2009a) and this 'self-medication' contributes to excessive ethanol consumption and relapse (Heilig & Egli, 2006; Heilig, Egli, Crabbe, & Becker, 2010; Markou, Kosten, & Koob, 1998) . The pattern of acquisition concerning dependenceinduced escalation of ethanol self-administration during acute withdrawal follows a standard learning curve, in that self-administration steadily increases with each acute withdrawal self-administration session until a plateau is reached and responding stabilizes (e.g., Walker & Koob, 2008) .
Morphological and intracellular signaling changes in response to chronic ethanol and drugs of abuse have been identified (Nestler, 1993; e.g., Ortiz et al., 1995) . Extracellular matrix (ECM) proteins provide structural support in the nervous system and in order for synaptic plasticity (e.g., Hebbian, homeostatic and metaplasticity) to occur, the extracellular matrix must be degraded (Dityatev & Fellin, 2008; Lee, Tsang, & Birch, 2008; Wright & Harding, 2004 , 2009 . Furthermore, the ECM is involved in the regulation of intracellular/extracellular signaling, receptor localization in
